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1
1 $G_{1}^{1}=(V_{1}^{-}, E_{1})$ $G_{2}=(l_{2,2}^{r}\prime E)$ , $G_{1}$ $G_{2}$ $G_{1}^{\mathrm{t}}\cross G_{2}^{\mathrm{t}}$ $\mathrm{t}_{1}’.-\cross \mathrm{t}_{2}^{7}.=$
$\{(x, y)|x\in \mathrm{t}^{r_{1}}’, y\in V_{2}\}$ 2 $(1l1, ll2)$ $(v_{1}, \iota)2)$ $G_{1}’\cross G_{2}$ $\iota\iota_{1}=\mathrm{t}_{1}$’ $u_{2}\mathrm{t}_{2}^{)}\in E_{2}$ ,
$u_{2}=\iota_{2}$’ $u_{1}\iota_{1}’\in E_{1}$ . 2 $r1$.
. $G_{1}^{r}\cross G_{2}\mathrm{x}G_{3}$ $(G_{1}\cross c^{l}2)\cross G_{3}^{t}$ $G_{1}’\cross(G_{2}\mathrm{x}G_{3}’)$ . $(G_{1}’\cross G_{2}’)\cross G_{3}$
$G_{1}\cross(G_{2}\cross G_{3})$ . $n$ $G_{1}\cross G_{2}\cross\cdots\cross G_{n}$ $k$. $(1\leq k\leq\uparrow\tau-1)$ , $(G_{1}\cross\cdots\cross$
$G_{k})\cross(G\kappa.+1\cross\cdots\cross c_{n}’)$ . $C\tau^{\mathrm{t}}j(1\leq i\leq\iota \mathrm{z})$ $G_{1}’ \mathrm{x}G_{2}\mathrm{x}\cdots.\mathrm{x}G^{1}7$’ .
. ?1 $Q_{\mathit{7}l}$ $Q_{n-1}$ )$\langle I\iota_{2}^{-}=$
$Q_{n-2^{\mathrm{X}}}I_{1^{\vee}}2\cross I\iota_{2}’=\cdots=I\iota_{22}’\cross I1^{-}\cross\cdots\cross Ii_{2}$ , $ll$ $Q_{n}^{t}$ $Q_{n-1}^{t}\cross I\iota_{t}=Qt\mathrm{n}-2\cross I\iota_{t}’\mathrm{x}I’1_{l}=$
.. . $=I1^{-}1\cross I\mathrm{t}^{-}t\mathrm{x}\cdots\cross$ . $t$ . $(\uparrow?l_{1}\mathrm{x}\cdots\cross\uparrow n_{n} )$ - $L_{m_{1}}\cross\cdots\cross L_{m_{n}}$
, $(n\tau_{1}\mathrm{x} ... \mathrm{x}m_{n})-$ $R_{m_{1}}\cross\cdots \mathrm{x}R_{m_{n}}$ . $L_{i}$ $R_{i}$ $i$, $i$
. hyper de Bruijn $HD(n\tau, ’|.)$ $Q_{m}\cross D_{n}$ , hyper Petersen $HP_{n}$ $Q_{71}-3\cross P$ .
$D_{n}$ $P$ $2^{n}$ binary de Bruijn Petersen .
$G$ $\kappa(G’)$ . Youssef [6] 1 $G_{1}’$ G’2 , $ri(G_{1}|\cross G_{2})=\kappa(c_{\tau_{1}})+f’\iota\cdot(G_{2})$
.
1 , 1
, . $G’=(l^{\gamma}’, E)$ 2 $r$ , $V$
$v$ $r$ 1’ 1 2 , 2 . $C_{7}$
, 2 , . $C_{7}$ $r$
$n$ , $G’$ ? n- . $G^{t}$ $\uparrow\tau-$
, $G’$ n- . , $R_{3}\cross R_{3}$ 4- . $R_{3}\cross R_{3}$ $r$
4 1 .
1: $R_{3}\cross R_{3}$ 4
Itai Rodeh [4] $\underline{9}_{-}$ 2 . Cheriyan
Maheshwari [3] $G=(1’-, E)$ 3 $\mathrm{O}(|V||E|)$ . Zehavi Itai [7]
3- $G$ $r$ 3 . [7]
k- $r$ $k$ . $k>3$
.
$[1][2][4]$ . , $G$ n-
, , $n-1$ fail-stop , $\lfloor(n-1)/-,\rfloor$
Byzantine .
, .
, n- $\uparrow$? .
, . $G_{1}^{\mathrm{t}}$ $\uparrow?_{1^{-}}$, , $G_{2}$ $\uparrow l_{2^{-}}$ ,
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$G_{1}\cross G_{2}^{l}$ $(n_{1}+n_{2} )$ - . $G_{1}$ $?l_{1}$ $G_{2}’$ ’7,2
$G_{1}^{\mathrm{t}}\cross G_{2}$ $n_{1}+\uparrow\tau_{2}$ . .
, $1_{1},+$ . ,




$”*$ ” . $G’$ $l^{-}(G)$ $E(G)$ . $\alpha$
$|\alpha|$ . $G_{a}^{\mathrm{t}}$ $G_{b}$ 2 , $?$’ G , , $b$ $G_{b}$ . $T_{C}$, $G$ $\uparrow$
, $T_{b}$ $G_{b}^{t}$ $r_{b}$ . $T_{a}$ , c , $T_{c\iota}$ $\uparrow O$
$C_{a}.=\{s_{a\cdot a}^{1}\ldots.s\}k_{a}$ . $\iota_{a}$’ $C_{a}^{1}$. . $i(1\leq i\leq k_{\text{ }})$ , $S_{c\iota}^{j}$ $T_{C1}$ $S_{Cl}^{j}$ -
. $T_{a}$ $T_{b}$ $G_{a}\mathrm{x}G_{b}^{1}$ $(r_{\zeta\ell}, rb)$ $T_{o}(\mathrm{t}_{\text{ }}’)*T_{b}$ .
(1) $C_{a}^{\mathrm{t}}$ $u$ , $(r_{a}, \uparrow_{b})$ $(?\not\in, \Gamma b)$ .
(2) $y_{1}y_{2}\in E(T_{b})$ , $u\in C_{a}’$. $(\iota\iota, y_{1})$ $(u, y_{2})$ .
(3) $i(1\leq i\leq k)$ , $x_{1}x_{2}\in E(S_{o}^{i})$ $y\in V(G_{b})$ $(x_{1}, y)$ $(x_{2}.y)$ .
(4) $y\in V(G_{b})-\{r_{b}\}$ , $(r_{a}, y)$ $(\mathrm{c}_{\text{ }}" y)$ .
$T_{b}$ $k_{b}$ , $T_{b}$ $r_{b}$ $C_{b}’=\{s_{b}^{1}, \cdots, s_{b}k_{b}\}$ . $C_{b}’$. . $i$
$(1\leq i\leq k_{b})$ , $S_{b}^{i}$ $T_{b}$ $s_{b}^{i}$ . $T_{a}*\tau_{b()}\iota b$ ) .
$T_{a}(\iota_{a}’)*T_{b}$ $T_{a^{*\tau}b}(v_{b})$ 2 .
$\gamma_{n}$






$G_{a}\cross G_{b}’$ , . x, G $T$ , $(x_{1}, y)$ $(x_{2}, y)$
1 $(x_{1}, y)arrow\tau(x_{2}, y)$ . $-^{T}$ $\supset^{T}$ . , $y_{1}y_{2}$
$G_{b}$ $T’$ , $(x, y_{1})$ $(x, y_{2})$ 1 $(x, y_{1})arrow T’(.\iota\cdot, \mathrm{e}_{2}/)$ . $arrow T’$
$\Rightarrow T’$ .
1 $T_{a}$ $T_{b}$ $G_{a}$ $r$ $G_{b}$ $r_{b}$ . $\iota$ ’ $v_{b}$ $T_{c}$,
$r_{a}$ $T_{b}$ $r_{b}$ . $T_{o}(v_{a})*\tau_{b}$ $T_{c},$ $*T_{b}(v_{b})$ $G_{\text{ }}\cross G_{b}’$ ( $r_{\text{ }}$ , ’ .
: $T_{a}(\mathrm{c}_{o}’)*T_{b}$ . (1), (2), (3), (4) ,
$|C_{a}’|,$ $|C_{a}||E(T_{b})|,$ $(|E(T_{a})|-|C_{a}’.|)|V(G_{b})|,|V(G_{b})|-1$ . , $T_{c\iota}(\mathrm{t}_{a}’)*T_{b}$ $|C$ $|(1+|E(T_{b})|-$
$|V(G_{b})|)+(|E(\tau_{a})|+1)|V(Gb)|-1=|V(G_{a})||\mathrm{t}^{r}’(c_{b}’)|-1$ .
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$(x, y)$ $G_{a}\mathrm{x}G_{b}$ . $y=\uparrow b$ , $(’\cdot\text{ }’ r_{b})$ $(.\iota\cdot, y)$ $(r_{a}, t_{b}.)\Rightarrow T_{u}(.r, \uparrow_{b}.)$ .
$x=r_{a}$ $y\neq r_{b}$ , $(r_{\text{ }}, \iota\cdot b)arrow T_{a}(1^{)}?O’.b)\Rightarrow Tb(\mathrm{t})_{\text{ }},$ $y)arrow’\tau$“ $(?_{O}., y)$ . .r\neq ’. $y\neq l_{b}$. $x\in V(S_{a}^{i})$
. $(r_{a}, r_{b})arrow\tau_{a}(s_{a}^{i}., r_{b})\Rightarrow\tau b(s_{c\ell}^{i}, y)\Rightarrow S_{a}^{i}(x, y)$ . , $l^{-}/(G_{\text{ }})\cross V(G_{b})$ $(x, y)$
$T_{\zeta},(\iota’ a)*T_{b}$ $(\uparrow_{\text{ }}, \uparrow b)$ $(x, y)$ . , $T_{a}(\mathrm{t}_{a}’)*T_{b}$ $G^{1}$ $\cross G_{b}’$ .
$T_{a}*T_{b()}.\mathrm{t}_{b}$ ) $G_{a}’\cross C\tau_{b}$ .
2 $T_{1}$ $T_{2}$ G $r$ . $1^{)}1$ $T_{1}$ $\uparrow.\mathit{0}$ $-$$-arrow$ . $\cdot\iota_{2}$’ r . $T_{b}$
$c_{\tau_{b}’}$
$\uparrow b$ . $T_{1}(\mathrm{t}_{1}))*T_{b}$ $T_{2}(\mathrm{t}_{2}^{)})*T_{b}$ $G_{a}\cross G_{b}$ $(\uparrow.a’ l_{b}.)$ .
: $T_{1}(\mathrm{t}’ \mathrm{l})*$ $T_{b}$ $T_{2}(\iota_{2}’)*$ $(r_{a}, r_{b})$ $(x, y)$ . $x=$ ’. $y\neq\uparrow’ b$ , 2
$(r_{a}, r_{b})arrow T_{1}(\iota)1\cdot rb)\Rightarrow T_{b}(\iota_{1}" y)arrow T_{1}(r_{\text{ }}, y)$ $(r_{a}, r_{b})arrow\tau_{2}(1_{2}^{)}. l\cdot b)\Rightarrow T_{b}(\iota_{2})$. $y$ ) $arrow T_{2}(r_{cl}, y)$ . $T_{1}$ $T_{2}$
G , $v_{1}\neq v_{2}$ . , 2 . x\neq r $y=\prime_{b}$. ,
2 $(7_{a}, \uparrow b)\Rightarrow\tau_{1}(x, r_{b})$ $(”\uparrow\cdot)\text{ }’ b\Rightarrow T_{J},(x, t_{b}.)$ . $T_{1}$ G ,
2 . $x$ \neq r $y\neq r_{b}$ . $x$ $T_{1}$ $\uparrow.a$ $s_{\text{ }^{}i}$ $S_{a}^{j}$ $T_{2}$
$r_{a}$
$s_{a}^{j}$ $S_{\text{ }^{}j}$ . $T_{1}(v_{1})*T_{b}$ $T_{2}(v_{2})*\tau_{b}$ $(r_{a}, r_{b})$ $(x, y)$
$(\uparrow l’\Gamma Cb)arrow T_{1}(s_{a}^{i}, \gamma_{b}’)\Rightarrow Tb(s_{a}^{i}, y)\Rightarrow s_{a}^{i}(x.y)$ $(r_{o}, \Gamma_{b})-^{2}T(s_{a}^{j}, ?.b)\Rightarrow Tb(s_{a}^{j}., y)\Rightarrow^{a}S^{j}(.\iota\cdot, y)$ . $\tau_{\iota}$ $T_{2}$ G
, 2 . , $T_{1}(\mathit{1}^{)}1)*T_{b}$ $T_{2}(1^{)}2)*T_{b}$ $G_{a}\cross G_{b}$ $(|’ ra’ b)$
.
2 , 2 .
3 $T_{a}$ G $r$ . $T_{1}$ $T_{2}$ $G_{b}$ ’.b , $\mathrm{t}_{1}^{)}$ $T_{1}$ $\uparrow.b$
, $v_{2}$ $r_{b}$ . $T_{a}*T_{1}(\mathrm{C}_{1}^{\}})$ $\tau_{a^{*}2(v_{2})}\tau$ $G^{\mathrm{t}}$ $\cross G_{b}’$ $(?_{\mathit{0}}., \uparrow.b)$ .
4 $T_{a,1}$ $T_{a,2}$ G , t) $T_{a,1}$ $r_{a}$ . $T_{b,1}$ $T_{b,2}$ $G_{b}$ ,
$v_{b}$ $T_{b,1}$ $r_{b}$ . $T_{c}(v_{a})*\tau_{b},2$ $\tau_{o,2^{*}}\tau b,1(\mathrm{t}_{b}))$ $G_{a}’\mathrm{x}G_{b}$ $(r_{\text{ }}, rb)$ .
G $?l_{G}-$ , $G_{b}$ ,\sim b- . $T_{Cl,1},$ $\cdots,$ $Ta,\eta_{a}$ $c_{\tau_{a}}$ ,.a $\uparrow?_{a}$.
, $T_{b,1}$ , $\cdot$ . . , $T_{b,\gamma\iota_{b}}$ $G_{b}’$ $r_{b}$ $\uparrow|.b$ . $i(1\leq i\leq n_{\text{ }}.)$ , $\mathrm{c}_{a,j}$’ $T_{o,i}$
r , $j(1\leq i\leq\uparrow \mathit{1}_{b}.)$ , $1_{b,j}$’ $T_{b,j}$ $\uparrow.b$ . $n$ $+n_{b}$. :
$\tau_{Cl,1(v_{a}},1)*T_{b},1,$ $T_{O,2}(\mathrm{c}_{a,2}\grave{/})*\tau b,1,$ $\cdots,$ $\tau_{O,n_{a}}(\mathrm{t}\rangle" )\zeta\iota,n*\tau b,1$
$T_{\text{ },1}*T_{b,1}(1_{b,1}’),$ $T_{a,1}*T_{b,2}(\iota_{b,2})),$ $\cdots,$ $T_{a,1}*T_{b,n_{b}}(1_{b,n_{b}}^{)})$
2, 3, 4 , $T_{\text{ },1}(\mathrm{t}_{c}’)*T_{b,1}$ $T_{\text{ },1}*T_{b,1}(\mathrm{c}_{b,1}’)$ $n_{a}+\uparrow?_{b}.-2$ $G_{a}\mathrm{x}G_{b}$
$(\uparrow_{a}, r_{b})$ . .
$\mathit{7}1_{a^{-}}$ n $\uparrow \mathrm{z}_{a}+n_{b}$
. ” $0$” . $T_{a}$ G |’ , $T_{b}$ $G_{b}’$
$r_{b}$ . \iota r . $T_{a}(v_{o})\mathrm{o}T_{b}$ $\mathfrak{s}^{J^{-}}$ ( $c$ $\mathrm{x}G_{b}^{t}$ )
:
(1) $x_{1}x_{2}\in E(T_{a})$ , $(X_{1}, \Gamma_{b})$ $(x_{2}, \iota_{b}.)$ .
(2) $y_{1}y_{2}\in E(T_{b})$ , $x\in V(T_{a})-\{r_{a}\}$ $(x, y_{1})$ $(x, \tau_{2}/)$ .
(3) $y\in V(T_{b})-\{\gamma_{b}\}$ , $(r_{\text{ }}, y)$ $(\iota_{\text{ }}’.y)$ .
$\iota_{b}$’ $T_{b}$ $r_{b}$ , Ta $\mathrm{o}Tb(\mathrm{c}’ b)$ .
$T_{a}(v_{\text{ }})\circ T_{b}$ $\tau_{a^{\circ T}b(v_{b}}$ ) 3 . $T_{o},$ $T_{b},$ $v\text{ }’ v_{b}$ 2 .
1 , $(?_{o}., r_{b})$ .
5 $T_{a}$ $T_{b}$ $G\text{ }\uparrow a$ , $G_{b}’$ $\uparrow.b$ , $v$ $v_{b}$ $T_{a}$ $r_{a}$
, $T_{b}$ $r_{b}$ . $T$ $(\iota))a\mathrm{O}\tau_{b}$ Ta $\mathrm{o}Tb(\mathrm{c})b)$ $C\tau^{\mathrm{t}}\sigma\cross G_{b}$ $(r_{O}.\uparrow.b)$ .
2 3 .
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/ $\nu\cdot’$. $rk$ )
$T$ $(v_{\text{ }})0\tau_{b}$ $T_{a}\mathrm{o}T_{b}(v_{b})$
3: $T_{a}(v_{\text{ }})\mathrm{o}T_{b}$ $T_{\text{ ^{}\mathrm{O}}}\tau_{b}(\mathrm{t})b)$
6Ta $T_{b}$ $G_{a}^{t}$ r $G_{b}$ $r_{b}$ . l’a $1_{b}^{)}$ $T_{a}$
r $T_{b}$ $r_{b}$ . $T$ $(\mathrm{t})a)\mathrm{o}Tb$ $T_{a}\circ T_{b}(\iota’ b)$ $G_{O}\cross G_{b}$ $(r_{\text{ }}, r_{b})$ .
7 $T_{1}$ $T_{2}$ G $r_{a}$ , $v_{1}$ $\mathrm{t}_{2}$’ $T_{1}$ $r_{o}$ $T_{2}$ ’.a
. $T_{b}$ $G_{b}’$ $r_{b}$ . $T_{1}(1^{\}}1)\circ T_{b}$ $T_{2}(v_{2})*Tb$ $G$ $\cross G_{b}’$ $(r_{a}, r_{b})$
. .
8 $T_{a}$ G r . $T_{1}$ $T_{2}$ $G_{b}$ $r_{b}$ , $\iota_{1}$’ $v_{2}$
$T_{1}$
$r_{b}$ $T_{2}$ $r_{b}$ . $T$ $\mathrm{o}T_{1}(\iota_{1}’)$ $\tau_{o}*T_{2(}\mathrm{t}_{2}’$ ) $G_{a}’\cross G_{b}$ $(r_{Cl’ b}r)$
.
$n_{a}+n_{b}$ $G_{a}’\cross G_{b}$ $(r_{\text{ }}, rb)$ :
$T_{a,1}(v_{\text{ },1})0\tau_{b,1},$ $T_{\text{ },2}(1_{a}’,2)*Tb,1,$ $\cdots,$ $T_{C\ell,n\circ}(_{1_{a}^{)})},n\mathrm{j}‘*\tau b,1$
$\tau_{Cl},1^{\mathrm{O}}\tau b,1(vb,1),$ $T_{a,1}*T_{b,2}(vb,2),$ $\cdots,$ $T_{a,1}*T_{b,n_{b}}((’ b,n_{b})$
$n_{a}+n_{b}$ $T_{o,1}(\iota_{c,1}’)*T_{b,1}$ $T_{a,1}*\tau_{b},1(\mathrm{t}_{b,1}^{\}})$ $T_{o,1}(\iota_{a,1}’)\circ T_{b,1}$
$T_{\text{ },1}$ $\mathrm{o}T_{b,1}(v_{b,1})$ . $G’$ $\cross G_{b}’$ . $n$ $+\uparrow|.b$
.
3
$T_{\text{ }.,1},$ $\cdots$ , $T_{a,n_{a}}$ $G_{a}$ $r$ $n_{a}$ , $T_{b}$ $G_{b}$ $\uparrow.b$ . $i$
$(1\leq i\leq n_{\text{ }})$ , $\lambda_{\text{ }^{}i}$. $T_{\text{ },i}$ $r$ , $C_{\text{ },i}^{l}.=\{s_{o}^{1}.,\cdots, s_{Cl}\mathrm{i}" i\}\kappa_{O}^{i}$ $T_{a,i}$ $r$ .
$C_{a}’=C,\prime a,1\cup C\text{ },2^{\cup}\ldots\cup ca,n_{a}$ . $\iota’\in V(T_{a,1})-\{r_{a}\}$ , $P\text{ },1(\mathrm{t}^{\}})$ $T_{\text{ },1}$ 1 .
$T_{\text{ },1}$ $var(T\text{ },1)$ $V(T_{a,1})$ , $E(T_{a,1})\cup$ { $r_{a}x|x\in C’$ $-C_{\text{ },1}$ } $-$ {$I^{J}a,1(x)x|x\in C$’ $-c_{a,1}^{l}$ }
. $Pa,1(x).\tau$. $G_{a}$ $Pa,1(x)$ $x$ , $r_{a}x$ $G_{a}’$ $\uparrow$ . .1 .
$var(\tau_{a},1)$ G r . $var(\tau_{a},1)$ $var(\tau_{b,1})$ 4 .
$T_{\text{ },1}(v_{a,1})\circ\tau_{b}$ . $\mathrm{t}_{a,1}^{\}}$ $T_{a,1}$ r 1 . $x\in C_{C}.’\cdot(2\leq i\leq n_{\text{ }}.)$ $y1^{1}J2\in E(T_{b})$
, $T_{a,1}(v_{a},1)\mathrm{o}T_{b}$ $(x, y_{1})(X, y_{2})$ $\tau_{a,\dot{|}}(v_{O},i)*\tau_{b}$ . $x\in C_{O^{-}}’.c_{\text{ },1}$ $y_{1}y_{2}\in E(T_{b})$
, $T_{a,1}(v_{\text{ },1})0\tau_{b}$ $(x, y_{1})(x, y_{2})$ , $x\in C$. $-c_{a,1}’$ $y\in \mathrm{t}^{r}/(G_{b}’)-\{r_{b}\}$ , $(q_{\mathit{3}_{\text{ }}1},(x),$ $y)(X, y)$
. . $T_{a,1}$ (1)$a,1)0\tau_{b,1}$ $t|’(\tau_{a,1}(1^{l_{\text{ }}},1)\mathrm{o}T_{b})$ .
, $tr(T_{a,1}(v_{\text{ },1})\mathrm{o}T_{b})$ $V$ ( $G$ $\cross c_{\tau_{b}}$ ) :
$E(T_{a,1}(va,1)0\tau_{b})\cup$ { $(pa,1(X),$ $y)(X,$ $y)|x\in C$ $-c_{a,1}.,$ $y\in V(Gb)-\{rb\}$ }
$-$ { $(x,$ $y_{1})(x,$ $8J2)|x\in c$. $-C_{\text{ },1}’,$ $y_{1}y_{2}\in E(T_{b})$ }
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$r,$.
$G_{a}^{\mathrm{t}}$ $T_{a,1}$ $T_{\text{ },2}$ $T_{Cl_{1}}3$ $\iota’ a\uparrow\cdot(\tau_{(\iota},1)$
1 $\mathrm{L}$
$Y\mathrm{t}$ $Y\mathrm{L}$
$G_{b}$ $T_{b,1}$ $T_{b,2}$ $\mathrm{t}^{)}c\iota\uparrow\cdot(T_{b},1)$
4: $\iota’ ar(\tau a,1)$ $va\iota\cdot(T_{b,1})$
$x\in C^{1}$ $-C_{\text{ },1}$, $y\in V(G_{b})-\{\uparrow’ b\}$ , $Pa,1(x)x$ $T_{C4,1}$ , $(p_{\mathit{0},1}\langle x),$ $y)(X, y)$ $G_{o}’\cross G_{b}$
. $t\uparrow\cdot(T_{a,1}(v1)_{0}a,\tau_{b})$ , $G$ $\mathrm{x}G_{b}’$ $(r_{\text{ }}, r_{b})$ .
$\tau_{b,1},$ $\cdots,$ $\tau_{b,n_{b}}$ $G_{b}$
’
$r_{b}$ $\uparrow\tau_{b}$ , $T_{Cl}$ $G$ $\uparrow.Cl$ . $i$,
$(1 \leq i\leq n_{b})$ , $k_{b}^{i}$ $T_{b,\dot{r}}$ $r_{b}$ , $C_{b,i}’.=\{s^{1}.\ldots S\}b,i’ b,ik^{i}b$ $T_{b,i}$ $r_{b}$ . $C_{b}’.=$
$C_{b,1^{\cup}}’Cb,2\cup\cdots\cup cb,n_{b}$ . $v\in V(T_{b,1})-\{r_{b}\}$ , $Pb,1(\iota’)$ $T_{b,1}$ 1) . $\mathrm{t}’ ar(Tb,1)$
$tr(\tau_{a}\circ T_{b},1(v_{b,1}))$ . $\mathrm{t}_{b,1}^{\}}$ $T_{b,1}$ $\uparrow’ b$ 1 .
$T_{a,1}(v_{\text{ },1})\circ var(\tau_{b},1)$ $tr(T_{\text{ },1}(v_{a,1})\circ\iota’ ar(T_{b,1}))$ 5 . $T_{a,1}$ , $T_{b,1}$ , $\iota_{\text{ },1}$’ 4
.
$l\nu\cdot-$ $\nu\cdot\iota.1$ $[Y_{\wedge}$ $\nu \mathrm{k}1$
$T_{a,1}(v_{a,1})\mathrm{o}\mathrm{t}^{)}ar(T_{b},1)$ $tr(T_{\zeta}\iota,1(\mathrm{c}_{a,1}’)0\iota’ at\cdot(T_{b,1}))$
5: $T_{a,1}(\iota_{a,1}’)\circ 1^{)}C\iota r(\tau b,1)$ $tr(T_{a,1}(\mathrm{e}_{c\iota,1}’ \mathrm{I}^{\mathrm{o}\mathrm{t}}’ ar(T_{b,1}))$
$G_{a}$ ,\mbox{\boldmath $\lambda$}a- , $G_{b}^{\mathrm{t}}$ $n_{b^{-}}$ . $\uparrow \mathit{1}_{a}+n_{b}$ :
$tr(T_{\text{ },1}(v_{a,1})01^{1}ar(\tau_{b},1)),$ $T_{Q2},(1_{a}’,2)*\mathrm{t}’ a\Gamma(\tau_{b},1),$ $\cdots,$ $T_{a.n_{a}}(v_{a,n_{a}})*1^{l}a\uparrow\cdot(T_{b},1)$
$tr(va\uparrow.(T_{a},1 ) \mathrm{o}T_{b,1}(8)b,1 ))$ , $v\zeta\iota\uparrow\cdot(\tau_{a,\iota})*\tau b,2(vb,2),$ $\cdots$ , $\mathrm{t}^{\}}ar(T_{\zeta\ell,1})*T_{b},n_{b}(\mathrm{t}1b_{7},lb)$ ,
$i(1\leq i\leq n_{\text{ }})$ , $\mathit{1}_{\text{ },i}^{\mathit{1}}$ $TT_{a,i}$ r 1 , $j(1\leq j\leq\uparrow \mathrm{z}_{b})$ , \sim ’ $T_{b,j}$ $r_{b}$
1 . 1, 5 , $G_{a}’\cross G_{b}’$ $(r_{Cl}, r_{b})$ $n_{a}+??_{b}$,
. $n_{o}+n_{b}$ $G_{a}\cross G_{b}’$ $(r_{\text{ }}, rb)$ .
9 $i(2\leq i\leq\uparrow l_{a})$ $j(2\leq j\leq n_{b})$ , $T_{\text{ }},i(v_{U},i)*1’ a?’(\tau b,1)$ $vc\iota\gamma\cdot(T_{a},1)*\tau_{b,j(v_{b,j}})$ $G’$ $\cross G_{b}’$
$(r_{a}, r_{b})$ .
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: 4 , $T_{a,i}(\mathrm{t}’ a,i)*Tb,1$ $T_{a,1}*Tb,j(1^{1}b,j)$ $G$ $\cross G_{b}’$ $(r_{q}, \iota’ b)$ . $T_{O,i}(1_{a,j}’)*Tb,1$
$T_{Cl,i}(va,i)*var(\tau_{b},1)$ $(r_{\text{ }}, \prime_{b})$ $(x, y)$ . $s\in C_{\text{ }1}^{\mathrm{t}}.,\cdot$ $t\in C_{b}’.-c^{l}.b,1$
$(s, t)$ , 2 . $s\in C_{\text{ },i}’$ $t$. $\in C_{b}^{t}-c^{1}.b,1$
$(s, t)$ . $x$ $S_{a,\dot{1}}^{h}$ ( $T_{\zeta\iota,i}$ ) . $(t_{a}, \uparrow b)arrow T_{a,i}$
$(s_{\text{ },i}^{h}, r_{b})\Rightarrow\tau_{b.1}(s_{a,i}^{h}, t)\Rightarrow\tau_{b,1}(s_{a,i}^{h}, y)\Rightarrow S_{a,i}^{h}(x, y)$ . $-$ , $(\iota’ a\cdot rb)arrow\tau_{a,i}(s_{a,i}^{\prime\tau}, ’ b)\mathrm{t}’\text{ }|\mathrm{t}-\tau b\iota)(s_{o}^{l\iota},t\mathrm{i}’)\iota’ \mathit{0}|(T)\Rightarrow^{b,1}$
$(s_{\text{ },i}^{h}, y)\Rightarrow s_{ai}^{h}(x, y)$ . $(S_{a,i}^{h}, b)\iota’ c\iota|’(\Rightarrow’)\tau b1(s_{c\ell j}^{\prime\iota},’ y)$ $(s_{a^{l},i}’, t)\Rightarrow T_{b1}(s_{a,j}’. y)l$ ,
$(S_{\text{ }^{}\prime_{l}},i’ r_{b})\Rightarrow T_{b,1}(s_{a^{l},i}’, t)$ , $(s_{\zeta li’ b\prime}^{\prime \mathrm{z}}\uparrow\cdot)(s_{a^{l},i}’, t)$ . $(\mathit{8}_{(\iota,i}, \Gamma b)’\iota(s_{\mathit{0}i}’?,’ t)$
11ar $(\tau_{a,1})*Tb,j(v_{b,j})$ . $T_{a.1^{*}}T_{b.j}(\mathrm{t}’ b.j)$ $\iota’ c\iota\uparrow\cdot(\tau_{o,1})*T_{b,j}(\mathrm{t}’ b,j)$ $(t_{\zeta}’‘’ ? b)$ $(x, y)$
, . , $(x, !\text{ })\in \mathrm{t}’$ ( $c’$ $\mathrm{x}G_{b}^{l}$ ) , $T_{a,1}(\mathrm{t}^{1_{(k}},\iota)*\iota’ a’\cdot(T_{b},1)$ $\iota’ c\iota r(\tau_{O,1})*T_{b,1}(\mathrm{t}’ b,1)$
$(r_{a}, r_{b})$ $(x, y)$ . , $T_{o,i}(\mathrm{t})i)a,*\mathrm{t}’ c\not\in|(\tau_{b,\iota})$ $\iota’ a\uparrow\cdot(T_{\zeta\ell},1)*\tau_{b,j()}\iota_{b,j}$’ $G’$ $\mathrm{x}G_{b}^{t}$ $(’ \mathit{0}’ rb)$
3 $-4_{a,1}$ $-4_{b,1}$ . $Po,1(\iota))$ $Pb,1(\iota’)$ $T_{o.1}$ $T_{b,1}$
$v$ . $v\in V(T_{a,1})-\{r_{a}\}$ .
$A_{a,1(_{1)=}},\{$
$\mathit{1}4_{a,1}(p_{a,1}(v))$ if $v\in C,O-\zeta_{o}.’,1$
$\iota$ ’ $\mathrm{i}\mathrm{f}_{1})\not\in C_{a}’.-c_{a},1$ .
, $A_{b,1}(\iota’)$ .
10 $tr(T_{a,1}(v_{\text{ },1})\circ va’\cdot(\tau_{b},1))$ $tr(var(T_{a,1})\mathrm{o}T_{b,1}(1_{b,1}^{)}))$ $G_{a}\cross G_{b}’$ $(\iota_{\text{ }}"\uparrow_{b})$ .
: 5 7 , $T_{\text{ },1}(1)\text{ },1)0\iota’ ar(\tau b,1)$ $\iota’ ar(\tau_{c\ell,1})\mathrm{o}T_{b,1}(v_{b,1})$ $G’$ $\cross G_{b}^{1}$ $(\mathit{7}_{\text{ }}, \uparrow b)$
. $tr(T_{\text{ }},1(v_{a,1})\mathrm{o}var(\tau_{b,1}))$ $tr(\mathrm{t}’ a\Gamma(\tau_{a,1})\mathrm{o}T_{b,1}(1_{b,1}^{)}))$ $(t_{\text{ }}, rb)$ $(x, y)$
$x\not\in C_{a}’-C_{a,1}$ $y\not\in C_{b}^{\mathrm{t}}-c_{\ovalbox{\tt\small REJECT}}’ b,1$ , $t’\cdot(T_{\text{ },1}(\iota_{a,1}’)\mathrm{o}\mathrm{c}’ c\iota\Gamma(\tau_{b},\iota))$ $T_{Cl,1}(\iota_{a,1}’)01^{)}ar(\tau b,1)$
$(r_{\text{ }}, r_{b})$ $(x, y)$ , $t’\cdot(vc\iota\iota\cdot(T_{a},1)\circ\tau_{b,1}(v_{b,1}))$ $\mathrm{c}’ ar(\tau_{a,\iota})\mathrm{o}T_{b,1}(1_{b,1}’)$ $(\gamma_{\text{ }}, rb)$ $(x, y)$
. , $t\uparrow\cdot(T\text{ },1(v_{a,1})01)a?\cdot(T_{b},1))$ $t.r(\iota’ ar(T_{a},1)\mathrm{o}T_{b,1}(\iota_{b,1}’))$ $(r_{\text{ }}, r_{b})$
$(x, y)$ $x\not\in C$, $-C_{a,1}’$ $y\in C_{b}^{\mathrm{t}}-C_{b,1}$ , $t_{t}\cdot(\tau_{\zeta r,1}(1_{Cl}’,1)0\iota’ ar(\tau_{b,1}))$
$(r_{\text{ }}, r_{b})$ $(x, y)$ $(\iota_{\text{ }}, r_{b})\Rightarrow\tau_{a1}(x, r_{b})va|^{\backslash }\mathrm{t}-^{\tau)}b1(x, y)$ , $t\uparrow\cdot([^{)}ar(T_{o},])0\tau_{b,\iota}(\mathrm{t}_{b}’,1))$ $(r_{a}, r_{b})$
$(x, y)$ ( $?\cdot$ , $r_{b}$ ) $\Rightarrow T_{b.1}(r_{a}, A_{b,1}’(y))va|(\Rightarrow^{a,1}T)(x, .4_{b,1}(y))\Rightarrow T_{b,1}(x, y)$ 2
. $x\in C_{a}’,-C_{\text{ },1}$. $y\in C_{b}-c_{\ovalbox{\tt\small REJECT}}^{\mathrm{t}}b,1$ , $tr(T_{a},1(\iota_{\text{ },1}’)\mathrm{o}va\uparrow\cdot(T_{b,1}))$ $(r_{\text{ }}, rb)$ $(.r, y)$
$(\uparrow_{\text{ }}, rb)\Rightarrow T_{a1}(A_{a,1}(x), r_{b})v\text{ }r\mathrm{t}\tau_{b1})arrow(A_{\text{ },1}(x), y)\Rightarrow\tau_{a1}(x, y)$ , $tr(\mathrm{c}’ a\uparrow\cdot(T_{cl},1)\mathrm{o}Tb,1(\mathrm{t}^{)}b,1))$ $(r_{a}, r_{b})$
$(x, y)$ $(r_{a}, r_{b})\Rightarrow T_{b,1}(r_{\text{ }}, Ab,1(y))\iota’\text{ }r\langle T-\gamma 1$
)
$arrow(x, A_{b} .1(y))\Rightarrow T_{b,1}(.r, y)$ . .
$t_{7}\cdot(\tau_{a,1}(v_{a,1})\mathrm{o}var(T_{b},1))$ $tr(vc\mathit{1}r(\tau_{\text{ },1})\circ T_{b,1}(\iota_{b,1}’))$ $G_{a}\mathrm{x}G_{b}’$ $(\uparrow\cdot\text{ }’\uparrow b)$ .
9, 10 2 .
11 $i(2\leq i\leq\uparrow\tau_{a})$ , $tr(T_{a},1(\mathrm{t})a,1)0\iota’ a?\cdot(T_{b.1}))$ $T_{a,i}(\mathrm{t}_{\text{ }^{ }},i)*\{1ar(T_{b},1)$ $G$ $\cross G_{b}$ $(\uparrow_{\mathit{0}}, r_{b})$
.
12 $j(2\leq j\leq n_{b})$ , $tr(var(T\text{ },1)\mathrm{o}T_{b,1}(\cdot\iota_{b,1}’))$ $1^{)}ar(\tau_{\zeta}\iota,1)*\tau_{b,j(}\mathrm{t})b,j)$ $G^{\mathrm{t}}$ $\cross G_{b}’$ $(\uparrow\cdot\text{ }’ r_{b})$
.
13 $i(1\leq i\leq l\tau_{a})$ , $tr(var(T_{\zeta\ell},1)\circ T_{b,1}(v_{b,1}))$ $T_{a,\mathrm{i}}(1^{)}i)\text{ },*1’ a7^{\cdot}(\tau_{b},1)$ G. $\cross c^{2}b$ $(\Gamma_{c\iota}, r_{b})$
.
: $tr(var(T_{a},1)\circ Tb,1(vb,1))$ $\tau_{\text{ },i(v)}a,i*1\prime a\Gamma(\tau b,1)$ $(r_{a}, r_{b})$ $(x, y)$ . $x\epsilon=r$ $y=r_{b}$
, 2 . $x\not\in C$ $\cup\{r_{a}\}$ $y\not\in C_{b}^{\mathrm{t}}.\cup\{r_{b}\}$ $x$ $S_{a,i}^{h}$
. 2 $(r_{a}, r_{b})\Rightarrow T_{b,1}(r_{\text{ }}, y)\iota’ a$
”
$(T_{a1}\Rightarrow’)(x, y)$ $(r_{a}, \iota_{b})arrow^{i}T_{\zeta}‘,(s_{a,i}^{h}, \Gamma_{b})v\mathrm{r}\iota\Gamma(\Rightarrow Tb,1)(s_{a,i}^{h}, y)\Rightarrow S_{a}^{h},$ $(x, y)$
. $T_{\text{ },1}$ $T_{\text{ },i}$ $G’$ $r$ , $(r_{\text{ }}, y)var\cdot(T_{\gamma.1}\Rightarrow’ \mathrm{I}(x, y)$ $(s_{\text{ }^{}h},i’ y)\Rightarrow T_{ai}(x, y)$
$(x, y)$ . , $tr(var(T_{a,1})\mathrm{o}T_{b,1}(1_{b,1}^{1}))$ $\tau_{\text{ }j},(\mathrm{t}_{a,i}^{)})*\mathrm{t}’ ar(\tau_{b},1)$ $(\iota\cdot a’ rb)$
$(x, y)$ . $y\in C_{b,1}$. , , 2
. $y\in C_{b}-C_{b,1}^{1}$ $x$ $S_{\text{ },i}^{h}$ . $tr(1^{)}\alpha r(T_{a,1})\mathrm{o}T_{b,1}(?’ b,1))$ $(r_{\text{ }}, \uparrow b)$ $(.r, y)$
$(r_{a}, r_{b})\Rightarrow T_{b1}(\uparrow a , A_{b,1}(y))va’\cdot(\tau_{a\iota})\Rightarrow’(x, A_{b,1}(y))\Rightarrow T_{b.1}(x, y)$ , $T_{\mathit{0},i}(1_{c}’)*?\cdot ar(T_{b},1)$ $(\uparrow_{\text{ }}, rb)$ $(x, y)$
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$(r_{a}, r_{b})arrow T_{a,i}(s_{a,i}^{h}, r_{b})\mathrm{t})ar1-^{T_{b,1})}(s_{\text{ }^{}h},i’ y)\Rightarrow^{i}-\sigma_{a}^{\prime_{l}},(x, y)$ . , 2 . ,
$t.\iota\cdot(\iota’ ar(Ta,1)\mathrm{o}T_{b},1(v_{b,1}))$ $T_{a,i}(\iota_{\text{ }}),i)*1’ c\iota r(T_{b,1})$ $G$ $\mathrm{x}G_{b}$ $(\uparrow a’ bl\cdot)$ .
, .
14 $i(1\leq j\leq??_{b}.)$ , $t’\cdot(T_{a,1}(1_{\text{ },1}^{)})01^{1}cl\iota\cdot(\tau_{b,1}))$ $\mathrm{t}^{)}a\uparrow\cdot(T_{o,1})*\tau_{b,j(}\iota’ b,j)$ $G’$ $\cross G_{b}’$ $(r_{o}, r_{b})$
.
1G $n_{a}-$ . $G_{b}^{1}$ $\iota\tau_{b}-$ . $G_{\text{ }}\cross G_{b}$ ( $\uparrow \mathit{1}$ $+\uparrow?\cdot b$ ) $-$ .





$G_{b}’$ $\uparrow\iota$ $+’ \mathit{1}_{b}$. $G_{a}’$ $\uparrow \mathrm{z}_{a}$
$G_{b}$ $n_{b}$ . , $i(1\leq i\leq 7??)$ , $G_{i}’$ $n_{i}$
, $G=G_{1}\cross c_{2}^{1}\mathrm{x}\cdots \mathrm{x}G_{m}$ $n_{1}+n_{2}+\cdots+?$?
. $??$.




. n- ,? . $\leq 3$
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